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vChapter2
Overview of Ultrawide Bandwidth
Communications and Systems
Channel capacity of a communications system depends on the bandwidth occupied and the signal-
to-noise ratio SNR achieved at the receiver. According to Shannon [17], channel capacity increases
linearly with the increase of bandwidth but increases only logarithmically with the increase of SNR.
Furthermore, according to [18], the channel capacity increases linearly with the SNR, if the channel
bandwidth is inﬁnite. Therefore, in order to achieve a higher channel capacity without incurring a
higher SNR, wider bandwidth can be employed by the communications systems. For this sake, in re-
cent years a lot of attention in wireless communications has been drawn to the UWB communications,
where the instantaneous bandwidth is signiﬁcantly higher than the minimum bandwidth required to
deliver the information [1,19]. According to the Federal Communications Commission (FCC) in the
United States [1,7,8,19], a wireless system can be referred to as an UWB system, either when the
frequency bandwidth of the system is at least 20 percent of the center frequency, or when the sys-
tem’s frequency bandwidth is higher than 500 megahertz (MHz) and the center frequency is above 6
gigahertz (GHz).
In recent years UWB techniques have drawn a lot of interest in both research and industry com-
munities [1,3,7,8]. The potential strength of UWB techniques lies in their use of extremely wide
transmission bandwidth, which results in that the UWB radios employ a range of merits when com-
pared against the conventional narrowband and wideband radios. Speciﬁcally, the UWB radios em-
ploy the merits, such as, accurate position location and ranging [7, 10, 20–22], lack of signiﬁcant
fading [13,23], high multiple-access capability [24], high data rate [13,19,21], covert communica-
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Adaptive Reduced-Rank Minimum Bit
Error-Rate Detection for Hybrid
Direct-Sequence Time-Hopping Ultrawide
Bandwidth System
Pulse-based UWB communications schemes constitute a range of promising alternatives that may
be deployed for home, personal-area, sensor network, etc. applications, where the communication
devices are required to be low-complexity, high-reliability and minimum power consumption [1].
However, in pulse-based UWB systems the spreading factor is usually very high. The UWB channels
are usually very sparse [29], resulting in that a huge number of low-power resolvable multipaths need
to be processed at the receiver. As demonstrated in [1,29], in pulse-based UWB communications
the huge number of resolvable multipaths generally consist of a few relatively strong paths and many
other weak paths. Unlike in the conventional wideband communications where strong paths usually
arrive at the receiver before weak paths, in UWB communications the time-of-arrivals (ToAs) of the
strong multipaths are random variables and are not necessary the multipaths arriving at the receiver at
the earliest. Due to the above-described issues, therefore, in pulse-based UWB systems it is normally
impractical to carry out directly the coherent detection, which depends on accurate channel estimation
demanding extreme complexity. In fact, it has been recognized that the complexity might still be
extreme, even when the conventional single-user matched-ﬁlter (MF) detector [149] is employed.
This is because there are a huge number of multipath channels need to be estimated and the detection
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